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Abstract
Purpose To evaluate the capability of MRI to differen-
tiate cardiac amyloidosis (CA), end-stage hypertrophic
cardiomyopathy (HCM), and hypertensive heart disease
(HHD), which are important etiologies of left ventricular
hypertrophy (LVH) and heart failure.
Materials and methods We enrolled 26 patients present-
ing with both LVH and heart failure: six with CA, nine
with end-stage HCM, and 11 with HHD. Cardiac function,
presence of pericardial or pleural effusion, and the extent
and patterns of late gadolinium enhancement (LGE) were
compared among the three diseases.
Results Myocardial LGE was observed in all six CA
patients, eight end-stage HCM patients, and six HHD
patients. The number of LGE segments was significantly
greater in CA than in HCM or HHD (p = 0.02 for both),
and all patients with CA showed a global endocardial
pattern of LGE. There were significant differences among
CA, HCM, and HHD in ejection fraction and end-diastolic
and end-systolic volume indices (p \ 0.05 for all). Peri-
cardial effusion was observed more frequently in CA than
in HCM or HHD (p = 0.04 or 0.01, respectively).
Conclusion MRI is valuable for distinguishing among
CA, end-stage HCM, and HHD, all of which present with
LVH and heart failure.
Keywords Magnetic resonance imaging  Late
gadolinium enhancement  Cardiac amyloidosis 
Hypertrophic cardiomyopathy  Hypertensive heart
disease
Introduction
Left ventricular hypertrophy (LVH) is known to be a pow-
erful independent risk factor for cardiovascular morbidity
and mortality, regardless of its etiology [1]. LVH may lead to
coronary reserve impairment, and consequent myocardial
infarction or congestive heart failure [1]. In the clinical
workup for patients with LVH and congestive heart failure,
the differential diagnosis of the disease etiology is important
because therapeutic strategies differ among causal cardio-
myopathies [2–6]. Cardiac amyloidosis (CA), hypertrophic
cardiomyopathy (HCM), and hypertensive heart disease
(HHD) all lead to both LVH and heart failure in their
advanced stages. Amyloidosis is a rare disease characterized
by the extracellular accumulation of fibrillary proteins,
leading to the loss of normal tissue architecture. Cardiac
involvement is rather common, and is an adverse prognostic
marker in systemic amyloidosis [2, 3]. HCM, commonly
caused by mutations in the sarcomeric genes, is a myocardial
disease characterized by LVH and a nondilated LV cavity
[4]. In a minority of patients, HCM progresses to end-stage
disease, showing both LVH and heart failure, and its prog-
nosis is poor [5]. Hypertension is the most common cause of
LVH in clinical practice, and can progress to HHD associ-
ated with heart failure [6]. Increased blood pressure accen-
tuates hypertrophic remodeling by increasing the left
ventricular (LV) wall stress [6, 7].
Magnetic resonance imaging (MRI) offers a unique
opportunity to quantify noninvasively both LVH with high
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reproducibility and myocardial fibrosis with high spatial
and contrast resolution [8]. Sipola et al. [9] reported that a
maximal LV wall thickness of C17 mm is the most valu-
able MRI parameter that differentiates patients with HCM
from those with HHD. Other earlier studies have reported
that MRI is a useful tool for differentiating between HCM
and HHD [8, 10]. The late gadolinium enhancement (LGE)
pattern in CA is reported to be subendocardial, diffuse, or
global, which differs from those seen in myocardial
infarction and other cardiomyopathies, including HCM and
HHD [2, 11]. However, these previous studies have
included HCM and HHD with a preserved LV ejection
fraction (LVEF) [9, 10]. It remains unclear whether MRI is
valuable for differentiating among CA, HCM, and HHD
presenting with heart failure or low LVEF. Therefore, we
evaluated the capacity of MRI to differentiate among these
three cardiomyopathies, all presenting with both LVH and
heart failure, by evaluating the cardiac functional param-
eters and the presence of pericardial or pleural effusions on
cine images, and the extent and patterns of LGE.
Materials and methods
Study population
Between January 2005 and May 2013, 26 patients under-
went MRI in their workup for LVH with heart failure. We
used the following inclusion criteria: maximum interven-
tricular septal thickness (IVST) C12 mm on echocardiog-
raphy or cine MRI at end-diastole or an LV mass index
(LVMI) [65 g/m2 on MRI performed for the LVH [12],
and a New York Heart Association (NYHA) functional
class CII or LVEF B50 % on MRI for heart failure or
global LV dysfunction. The exclusion criteria were a
contraindication for gadolinium-based contrast agents and
a history of severe valvular diseases, cardiac sarcoidosis,
metabolic diseases (e.g., Fabry disease), or myocarditis.
The diagnosis of CA was made from histopathological
findings in endomyocardial (n = 2) or extracardiac
biopsies (n = 4), in addition to heart failure episodes.
The diagnosis of end-stage HCM was made through the
demonstration of a hypertrophied LV myocardium in the
absence of another cardiac or systemic disease, and
LVEF B50 %, reflecting systolic impairment regardless
of LV dimensions, on cine MRI [5, 13, 14]. Thus, nine
(6.3 %) of 144 HCM patients were defined as end-stage
HCM in the present study. Endomyocardial biopsy or
genetic testing was not used to make the diagnosis of
HCM. The HHD group consisted of patients with evi-
dence of essential hypertension (systolic blood pressure
C140 mmHg or diastolic blood pressure C90 mmHg)
and increased LVMI in the absence of secondary for
elevated blood pressure [15]. Five patients with HHD
underwent endomyocardial biopsy, and a histopatholo-
gical study revealed myocyte hypertrophy and moderate
interstitial fibrosis, which were consistent with HHD. We
excluded patients with a history of myocardial infarction
or with a family history of HCM or sudden cardiac death
from the HHD group.
All patients gave their informed consent before the
cardiac MRI examination with contrast enhancement.
Institutional Review Board approval was waived because
this study was an observational and retrospective study.
MRI protocol
MRI examinations were performed using a 3.0-T unit or
a 1.5-T unit (Philips Healthcare, Best, The Netherlands).
Cardiac MRI was gated to vector electrocardiography
and was performed during breath holding. Two-dimen-
sional (2D) cine steady-state free precession imaging was
performed in the short-axis plane, and in the two-, three-
and four-chamber long-axis planes. The typical imaging
parameters of the cine MRI sequences were as follows:
for a 3.0-T, repetition time (TR), 4.2 ms; echo time
(TE), 1.9 ms; flip angle, 55; bandwidth, 1860 Hz/pixel;
field of view (FOV), 360 9 360 mm; matrix (MTX),
224 9 224; slice thickness of 10 mm, and for a 1.5-T,
TR, 2.8 ms; TE, 1.4 ms; flip angle, 60; bandwidth,
1862 Hz/pixel; FOV, 400 9 400 mm; MTX, 197 9 277;
slice thickness, 8 mm with a gap of 2 mm. 2D LGE
imaging was also performed in the short-axis and two-
chamber long-axis view planes 10 min after a slow
injection of 0.15 mmol/kg gadolinium-based contrast
agent (gadopentetate dimeglumine or gadodiamide). The
typical imaging parameters used for the LGE MRI
sequences were as follows: for a 3.0 T, TR, 6.2 ms; TE,
1.9 ms; flip angle, 15; bandwidth, 434 Hz/pixel, FOV,
380 9 344 mm; MTX, 256 9 175; slice thickness,
10 mm, and for a 1.5-T, TR, 8.1 ms; TE, 4.0 ms; flip
angle, 10; bandwidth, 165.3 Hz/pixel; FOV, 420 9
420 mm; MTX, 224 9 220; slice thickness, 10 mm. The
inversion time nullifying the normal myocardium was
determined in each patient based on Look–Locker T1-
weighted scout imaging. Sensitivity encoding with a
reduction factor of 1.5–2.0 was used for all imaging
sequences.
Image analysis
Cardiac functional parameters, including LVEF, end-dia-
stolic and end-systolic volumes, and myocardial mass,
were measured in the 2D cine images by a radiologist with
15 years of experience in cardiac MRI, using a dedicated
workstation (ViewForum; Philips Healthcare). Indices
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were normalized to the individual’s body surface area. The
ratio of the LV myocardial mass to the end-diastolic vol-
ume (M/V), used as an indicator of LV remodeling, was
calculated. The IVST, posterior wall thickness (PWT), and
maximum right ventricular (RV) wall thickness were also
measured using 2D short-axis cine images at end-diastole.
The ratio of IVST to PWT (IVST/PWT), used as an indi-
cator of asymmetrical septal hypertrophy, was calculated.
The same reader and another radiologist with 2 years of
experience in diagnostic radiology interpreted, with con-
sensus, the presence of pericardial or pleural effusions on
the steady-state free precession, and the presence, extent,
and patterns of myocardial LGE. Myocardial LGE was
defined visually, and thereafter its presence was confirmed
when the mean signal of LGE was beyond the mean plus
3SD of the nullified myocardial signal or when the myo-
cardium was nullified before the LV blood was on Look–
Locker imaging [11]. The extent of LGE was evaluated
according to the American Heart Association 17-segment
model [16]. The LGE patterns were classified into four
categories, according to a previous report [17]: global
endocardial, midwall patchy, midwall linear, and epicardial
patchy patterns.
Statistical methods
Statistical analyses were performed with Excel (Micro-
soft, Redmond, WA, USA). Continuous data were pre-
sented as the mean ± SD. The Kruskal–Wallis H test was
used to evaluate the differences in the quantitative data for
CA, HCM, and HHD. When a significant difference was
identified, group comparisons were performed using an
analysis of variance with the Bonferroni post hoc test.
Categorical variables were compared with the v2 test. For
all statistical analyses, a p value of less than 0.05 was
defined as statistically significant.
Results
Patient characteristics
The study population consisted of six patients with CA, nine
with end-stage HCM, and 11 with HHD. The LVEF was
below 50 % in all but one CA patient, who had congestive
heart failure of NYHA IV, attributable to diastolic impair-
ment. Two patients with end-stage HCM were NYHA I, with
LVEFs of 47.6 and 49.8 %. One patient with HHD was
NYHA I, with a low EF (37.5 %). There were no significant
differences in NYHA class among the three patient groups.
The diagnosis of primary CA was made in three of the six
patients with CA, whereas the other three patients had
underlying diseases leading to CA [i.e., multiple myeloma
(n = 2) and renal cell carcinoma]. Four CA patients had
amyloid light chain (AL)-type amyloidosis, whereas the
types of amyloidosis for the other two patients were not
determined: one died only 18 days after MRI and thus no
classification of the amyloid type was done, while the other’s
medical records lacked the type. The two patients with end-
stage HCM had a family history of HCM. Blood pressure was
well treated in three of the 11 HHD patients, whereas the
remaining eight patients had uncontrolled hypertension and
were admitted to treat heart failure and hypertension. Diastolic
and systolic blood pressure were significantly higher in the
HHD patients than in the patients with CA or HCM (p = 0.01
for both). Age, sex, height, weight, body mass index, and sur-
face area did not differ among the three patient groups
(Table 1).
MRI findings
The MRI findings, including cine and LGE, are summa-
rized in Table 2. Overall, there were statistically signifi-
cant differences in IVST (p \ 0.05), LVEF (p \ 0.01),
Table 1 Patient characteristics
CA (n = 6) HCM (n = 9) HHD (n = 11) p value
Age 70.5 ± 15.2 (48–85) 64.4 ± 10.8 (44–76) 58.9 ± 17.5 (36–87) 0.32
Gender: male/female 3/3 8/1 10/1 0.33
Height (cm) 159.3 ± 9.1 (147.6–172.5) 161.0 ± 16.4 (120–173.5) 164.0 ± 8.3 (148–180) 0.44
Body weight (kg) 56.0 ± 12.6 (37–72.5) 69.0 ± 21.1 (32–110) 73.0 ± 21.6 (38–114) 0.21
Body mass index (kg/m2) 22.1 ± 5.0 (17.0–28.7) 26.0 ± 4.8 (19.9–36.5) 26.6 ± 6.3 (17.3–35.4) 0.3
Body surface area (m2) 1.6 ± 0.2 (1.24–1.75) 1.7 ± 0.3 (1.01–2.23) 1.8 ± 0.3 (1.26–2.32) 0.14
Systolic blood pressure (mmHg) 99.0 ± 11.2 (90–120) 125.4 ± 18.7 (100–140) 192.4 ± 32.2 (135–260) 0.01*, 0.01*
Diastolic blood pressure (mmHg) 61.3 ± 5.2 (54–70) 69.2 ± 11.3 (60–94) 111.1 ± 22.8 (80–153) 0.01*, 0.01*
NYHA class 3.7 ± 0.5 (3–4) 2.4 ± 1.0 (1–4) 3.3 ± 1.1 (1–4) 0.13
Mean ± SD is shown for continuous variables, and parentheses represent the range of values
CA cardiac amyloidosis, HCM hypertrophic cardiomyopathy, HHF hypertensive heart disease, NYHA class New York Heart Association
functional classification
* Systolic and diastolic blood pressure was significantly higher in HHD than in CA and HCM (p \ 0.01 for both)
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LV end-diastolic volume index (LEDVI, p \ 0.05), LV end-
systolic volume index (LVESVI, p \ 0.01), and M/V
(p \ 0.05) among the three groups. LVEF was significantly
lower in patients with HHD than in those with end-stage
HCM (p = 0.03) with the post hoc test (Figs. 1a, b, 2a, 3a).
There were no significant differences in PWT, IVST/PWT,
and the maximum RV wall thickness among the three groups.
Pericardial effusion was observed more frequently in the
CA patients than in the HCM or HHD patients (p = 0.04
and p = 0.01, respectively). The patients with CA com-
monly had pericardial and pleural effusions (Fig. 1a, b).
All six patients with CA showed LGE. Myocardial LGE
was observed in eight (89.0 %) of the nine HCM patients
and in six (54.5 %) of the 11 HHD patients. The number of
LGE segments was significantly greater in patients with
CA than in those with HCM (p = 0.02) or HHD
(p = 0.02). The number of LGE segments was also greater
in patients with HCM than in those with HHD (p = 0.047).
All patients with CA showed a global endocardial pattern
of LGE (Fig. 1c). The LGE in the HCM patients was
predominantly located in the anteroseptal and inferoseptal
segments (Fig. 2b). The LGE patterns in the HCM patients
were midwall patchy or epicardial patchy. The LGE in the
HHD patients was commonly present in the septal to
inferior regions at the midventricular level (Figs. 3b, c).
The patterns of LGE in the HHD patient were midwall
linear, midwall, or epicardial patchy.
Discussion
This study demonstrates that the number of myocardial
segments with LGE and the LGE patterns were distinctive
MRI findings for each cardiomyopathy that presents with
both LVH and heart failure: CA, end-stage HCM, and HHD.
Several cardiac functional parameters—IVST, LVEF,
LVEDVI, LVESVI, and M/V acquired with cine MRI—were
significantly different among CA, HCM, and HHD. The
presence of pericardial effusion might be characteristic of CA.
LGE MRI
This LGE MRI study showed that the extent and pattern of
LGE is of great value for distinguishing among CA, end-
stage HCM, and HHD.
The mechanism of myocardial LGE is based on simple
principles. Gadolinium chelates are extracellular contrast
agents that cannot cross the myocyte cell membrane. In
scarred or necrotic myocardial regions, the interstitial space
is expanded, leading to an increased gadolinium concentra-
tion and consequent LGE. The subendocardial myocardium
Table 2 MRI findings
CA (n = 6) HCM (n = 9) HHD (n = 11) p value
LVMI (g/m2) 108.7 ± 31.1 (74.6–152) 121.8 ± 41.3 (86.9–200.7) 118.4 ± 23.0 (85.3–142.9) 0.04
IVST (mm) 18.5 ± 3.0 (14.7–23.5) 19.1 ± 5.6 (11.9–26.0) 14.3 ± 2.5 (8.0–17.0) 0.047
PWT (mm) 14.7 ± 4.3 (8.0–18.5) 11.5 ± 3.7 (6.2–19) 11.7 ± 2.1 (7.4–14.9) 0.25
IVST/PWT 1.34 ± 0.4 (1.0–2.2) 1.77 ± 0.6 (1.0–2.9) 1.26 ± 0.3 (0.9–1.9) 0.12
Maximum RV
wall thickness (mm)
6.2 ± 2.2 (2.6–9.0) 5.3 ± 1.3 (2.9–6.8) 5.3 ± 1.7 (2.5–8.0) 0.53
LVEF (%) 43.4 ± 11.1 (30.4–63.0) 44.2 ± 7.2 (29.4–49.7) 28.2 ± 10.3 (16.7–46.6) 0.03**
LVEDVI (ml/m2) 73.4 ± 13.9 (58.4–99.0) 79.9 ± 30.7 (46.5–139.2) 103.7 ± 25.3 (74.1–151.4) 0.02
LVESVI (ml/m2) 41.1 ± 14.3 (28.0–68.9) 43.5 ± 15.4 (23.5–70.0) 76.7 ± 28.1 (46.3–127.1) 0.003
M/V (g/ml) 1.5 ± 0.3 (1.1–2.0) 1.6 ± 0.6 (0.9–2.9) 1.2 ± 0.3 (0.9–1.7) 0.04
Number of LGE segments 16.6 ± 0.8 (15–17) 6.0 ± 3.5 (0–11) 1.5 ± 1.8 (0–4) 0.02*, 0.047**, 0.02***





Midwall linear: 2 Midwall linear: 2
Pericardial effusion 5 2 1 0.04*, 0.01***
Pleural effusion 4 1 2 0.16
Mean ± SD is shown for continuous variables, and parentheses represent the range of values
There were significant differences between * CA and HCM, ** between HCM and HHD, and *** between CA and HHD with the post hoc test
CA cardiac amyloidosis, HCM hypertrophic cardiomyopathy, HHD hypertensive heart disease, ns not significant, LVMI left ventricular mass
index, LVEF left ventricular ejection fraction, LVEDVI left ventricular end-diastolic volume index, LVESVI left ventricular end-systolic volume
index, LGE late gadolinium enhancement
 There were significant differences among CA, HCM, and HHD, but no significant difference was acquired with the post hoc test
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is most sensitive to ischemia and infarction. A subendocar-
dial or transmural LGE pattern consistent with a coronary
artery distribution is an ischemic pattern [17, 18]. Con-
versely, nonischemic cardiomyopathies tend to cause myo-
cardial LGE in more than one vascular territory, even when
restricted to the subendocardium. In our study, all patients
with CA showed a global endocardial pattern of LGE, as
reported previously [2, 11, 17]. Amyloidosis induces the
accumulation of abnormal fibrillary protein in the interstitial
space, and the present LGE MRI findings matched the global
distribution of amyloid fibrils and associated fibrosis in the
myocardium [19]. The LGE pattern of CA is apparently
different from that of HCM or HHD. Moreover, the number
of LGE segments involved in CA is significantly greater than
the number involved in HCM or HHD.
Fig. 1 An 81-year-old man with cardiac amyloidosis associated with
AL-type systemic amyloidosis. a Cine MRI in the long axis view
shows pericardial (arrow) and massive pleural effusion. b Cine MRI
in the short axis view shows hypertrophied left and right ventricles
and pericardial effusion. The left ventricular ejection fraction is
30.4 %. c Late gadolinium enhancement (LGE) MRI using phase-
sensitive inversion-recovery technique shows a global endocardial
LGE pattern (arrows), which was hyperintense to the blood. This
patient was suspected of having hypertrophic cardiomyopathy, and
these MRI findings indicate cardiac amyloidosis. Endomyocardial
biopsy reveals cardiac amyloidosis
Fig. 2 A 50-year-old man with end-stage hypertrophic cardiomyop-
athy. a Cine MRI shows hypertrophy of the interventricular septum.
The maximum septal wall thickness is 27 mm, and the left ventricular
ejection fraction is 41.7 % in this patient. b Extensive myocardial late
gadolinium enhancement is found at the midwall layer from the
anterior region to the inferior septum (arrows)
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Among HCM patients, 50–80 % show myocardial LGE
occupying 10 %, on average, of the overall LV myocardial
volume [13]. In the present study, patients with end-stage
HCM with LVEF \50 % had extensive patchy LGE,
attributable to the development of LVH and myocardial
scarring [5, 20]. This extensive LGE may be related to
heart failure and lower LVEF [20].
Although HHD patients had a smaller number of LGE
segments, 54.5 % of the patients had myocardial LGE in the
present study. Myocardial fibrosis is an endpoint of the cel-
lular and extracellular pathological processes involved in
HHD. The quantification of fibrosis in endomyocardial
samples has shown a significantly greater collagen volume
fraction in patients with hypertension than in normotensive
controls [21]. Previous studies have shown that approxi-
mately 50 % of patients with LVH arising from arterial
hypertension displayed LGE: a midwall patchy pattern at the
inferior myocardium or midwall linear pattern at the septal
myocardium [8, 10, 22]. The LGE patterns of HHD in the
present study were consistent with those reported previously.
Non-LGE MRI
CA and HHD can lead to renal impairment, which prohibits
the use of gadolinium-based contrast agents. Therefore, we
sought non-LGE MRI findings that can be used to differ-
entiate among CA, end-stage HCM, and HHD.
Our results suggest that cine MRI is useful for differen-
tiating between CA, end-stage HCM, and HHD. LVEF was
significantly smaller in patients with HHD than in those with
HCM. Advanced systolic impairment with a dilated LV
cavity was seen in HHD, whereas the LV cavity did not dilate
in CA and HCM. We assume that HHD patients can present
with clinical symptoms related to lower LVEF later, at an
advanced stage, because their LV remodeling is balanced.
Indeed, the M/V ratio of patients with HHD tended to be
smaller than those of patients with CA and end-stage HCM.
RV wall thickness or asymmetrical hypertrophy may
differ among the three types of cardiomyopathies [23].
However, there were no significant differences in these
parameters. The RV myocardium is also involved diffusely
in HCM, especially in HCM at the advanced stage [24].
Our HCM and HHD patients might have long-term
involvement of the myocardium. These could contribute to
the results that neither RV wall thickness nor asymmetrical
hypertrophy differed among CA, HCM, and HHD.
Pericardial effusion was observed more frequently in the
CA patients than in the HCM or HHD patients. Previous
studies showed that 40 % of the patients with CA had
pericardial effusion [23, 25]. Amyloid deposition may
occur in the pericardium. Pleural effusion commonly
occurs in AL-type primary systemic amyloidosis, pre-
dominantly resulting from the direct infiltration of amyloid
to the parietal pleural surface [26]. Indeed, all three of our
patients with a large amount of pleural effusion were
diagnosed as AL-type amyloidosis. The presence of
Fig. 3 A 87-year-old man with hypertensive heart disease. a Cine
MRI shows symmetrical myocardial hypertrophy of the left ventricle.
The maximum septal wall thickness is 17 mm, and the left ventricular
ejection fraction is 38.9 % in this patient. b, c Linear late gadolinium




pericardial and pleural effusion might be a clue for dis-
tinguishing CA from the other cardiomyopathies.
Nonetheless, the utility of non-LGE MRI for differen-
tiating the cardiomyopathies associated with LVH and
heart failure is still limited. In clinical practice, underlying
diseases and past or family histories may contribute to the
differential diagnosis. Three of the six CA patients had
underlying diseases, such as multiple myeloma or renal cell
carcinoma, and two of the nine patients with end-stage
HCM had a family history of HCM.
There were some limitations to this study. First, the
population was relatively small in this retrospective study
because we excluded HCM and HHD patients with normal or
supernormal LVEF. The frequency of end-stage HCM is
reported to be approximately 3–8 % among HCM patients
[5, 14, 27]. We also excluded patients with severe renal
insufficiency, because they could not undergo LGE MRI.
Second, the quantification methods (e.g., SD threshold, full
width at half maximum) should be validated for each mag-
netic strength, cardiomyopathy, or imaging sequence. Third,
other MRI findings—including papillary muscle morphol-
ogy, regional strain, signal ratio between the myocardium
and blood, and myocardial T1 relaxation time—were not
analyzed, because their evaluation by MRI is limited in some
preliminary investigations [13, 28, 29]. Lastly, we did not
compare LGE with histopathological findings because few
patients underwent endomyocardial biopsy and the samples
acquired from the endocardial region were small. However,
the relationship between myocardial fibrosis and LGE is well
documented in CA and HCM [2, 5, 11, 19].
Conclusion
LGE MRI is valuable for distinguishing among CA, end-
stage HCM, and HHD, all of which present with both LVH
and heart failure, based on the extent and pattern of myo-
cardial LGE. Several cardiac functional parameters, such as
LVEF and LVESVI, and the presence of pericardial effusion
are clues for distinguishing among the three types of
cardiomyopathy.
Conflict of interest The authors declare that they have no conflicts
of interest.
References
1. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
Prognostic implications of echocardiographically determined left
ventricular mass in the Framingham Heart Study. N Engl J Med.
1990;322:1561–6.
2. Perugini E, Rapezzi C, Piva T, Leone O, Bacchi L, Riva L, et al.
Non-invasive evaluation of cardiac amyloidosis by gadolinium
cardiac magnetic resonance. Heart. 2006;92:343–9.
3. Falk RH. Cardiac amyloidosis: a treatable disease, often over-
looked. Circulation. 2011;124:1079–85.
4. Elliott P, McKenna WJ. Hypertrophic cardiomyopathy. Lancet.
2004;363:1881–91.
5. Harris KM, Sipirito P, Maron MS, Zenovich AG, Formisano F,
Lesser JR, et al. Prevalence, clinical profile, and significance of
left ventricular remodeling in the end-stage phase of hypertrophic
cardiomyopathy. Circulation. 2006;114:216–25.
6. Drazner MH. The progression of hypertensive heart disease.
Circulation. 2011;123:327–34.
7. James MA, Saadeh AM, Jones JV. Wall stress and hypertension.
J Cardiovasc Risk. 2000;3:187–90.
8. Rudolph A, Abdel-Aty H, Bohl S, Boye P, Zagrosek A, Dietz R,
et al. Noninvasive detection of fibrosis applying contrast-
enhanced cardiac magnetic resonance in different forms of left
ventricular hypertrophy. J Am Coll Cardiol. 2009;53:284–91.
9. Sipola P, Magga J, Husso M, Jaaskelainen P, Peuhkurinen K,
Kuusisto J. Cardiac MRI assessed left ventricular hypertrophy in
differentiating hypertensive heart disease from hypertrophic
cardiomyopathy attributable to a sarcomeric gene mutation. Eur
Radiol. 2011;7:1383–9.
10. Puntmann VO, Jahnke C, Gebker R, Schnackenburg B, Fox KF,
Fleck E, et al. Usefulness of magnetic resonance imaging to
distinguish hypertensive and hypertrophic cardiomyopathy. Am J
Cardiol. 2010;106:1016–22.
11. Maceria AM, Joshi J, Prasad SK, Moon JC, Perugini E, Harding
I, et al. Cardiovascular magnetic resonance in cardiac amyloi-
dosis. Circulation. 2005;111:186–93.
12. Alfakih K, Plein S, Thiele H, Jones T, Ridgway JP, Sivananthan
MU. Normal human left and right ventricular dimensions for MRI
as assessed by turbo gradient echo and steady-state free precession
imaging sequences. J Magn Reson Imaging. 2003;17:323–9.
13. Maron MS. Clinical utility of cardiovascular magnetic resonance
in hypertrophic cardiomyopathy. J Cardiovasc Magn Reson.
2012;14:13.
14. Efthimiadis GK, Giannakoulas G, Parharidou DG, Karvounis HI,
Mochlas ST, Styliadis H, et al. Prevalence of systolic impairment
in an unselected regional population with hypertrophic cardio-
myopathy. Am J Cardiol. 2006;98:1272–96.
15. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R,
Germano G, et al. 2007 ESH-ESC Practice guidelines for the
management of arterial hypertension: ESH-ESC task force on the
management of arterial hypertension. J Hypertens. 2007;25:
1751–62.
16. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S,
Laskey WK, et al. Standardized myocardial segmentation and
nomenclature for tomographic imaging of the heart. A statement
for healthcare professionals from the Cardiac Imaging Committee
of the Council on Clinical Cardiology of the American Heart
Association. Circulation. 2002;105:539–42.
17. Mahrholdt H, Wagner A, Judd RM, Sechtem U, Kim RJ. Delayed
enhancement cardiovascular magnetic resonance assessment of
non-ischaemic cardiomyopathies. Eur Heart J. 2005;26:1461–74.
18. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, et al.
The use of contrast-enhanced magnetic resonance imaging to
identify reversible myocardial dysfunction. N Engl J Med.
2000;343:1445–53.
19. Hosch W, Kristen AV, Libicher M, Dengler TJ, Aulumann S,
Heye T, et al. Late enhancement in cardiac amyloidosis: corre-
lation of MRI enhancement pattern with histopathological find-
ings. Amyloid. 2008;3:196–204.
20. Maron MS, Appelbaum E, Harrigan CJ, Buros J, Gibson CM,
Hanna C, et al. Clinical profile and significance of delayed




21. Querejeta R, Varo N, Lopez B, Larman M, Artiñano E, Etayo JC,
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